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8. An amendment which includes claims to composite blastocysts from nuclear 
transplantation is attached. I do not believe this is new matter but just the 
addition of claims more specifically claiming matter already described in the 
specification, that is, non-viable pre-embryos. 



I respectfully request consideration of this reply and amendment. 

As stated during the telephone interview, I would like to request that the 
Examiners write an "Examiners Amendment 1 ' to change wording when 
necessary to make claims 1-13, and the amended claim number 14 patentable. 
It is my understanding that this is possible based on MPEP, page 700-1 17, 
under 707.070) INVENTOR FILED APPLICATIONS, which states: 

"When, during the examination of a pro se application it becomes apparent to 
the examiner that there is patentable subject matter disclosed in the application, 
the examiner should draft one or more claims for the applicant and indicate in 
his or her action that such claims would be allowed if incorporated in the 
application by amendment." 

"This practice will expedite prosecution and offer a service to individual 
inventors not represented by a registered patent attorney or agent. Although this 
practice may be desirable and is permissible in any case deemed appropriate by 
the examiner, it will be expected to be applied in all cases where it is apparent 
that the applicant is unfamiliar with the proper preparation and prosecution of 
patent applications." 



Sincerely, 




Mina Alikani 
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Appendix 1 

To support my arguments listed in this reply, I would like to include in this 
reply pertinent excerpts from a statement made by Dr. William Hurlbut, 
member of the President's Council on Bioethics (From: Human Cloning and 
Human Dignity: An Ethical Inquiry; Full Report of the President's Council on 
Bioethics. (www.bioethics.gov/reports) 

". . ,a zygote differs fundamentally from an unfertilized egg, a sperm cell, or 
later somatic cells; it possesses an inherent organismal unity and potency that 
such other cells lack. Unlike an assembly of parts in which a manufactured 
product is in no sense "present" until there is a completed construction, a living 
being has a continuous unfolding existence that is inseparable from its emerging 
form." 

"In biology, the whole (as the unified organismal principle of growth) precedes 
and produces the parts. It is this implicit whole, with its inherent potency that 
endows the embryo with its human character and therefore its inviolable moral 
status ." 

"...could we truly create an artifact (a human creation for human ends) that is 
biologically and morally more akin to tissue or cell culture?" 
"... to create an entity that lacks the qualities and capabilities essential to be 
designated a human life in process?" 

"The intention in creating such an intrinsically limited "clonal artifact" would 
not be one of reproduction, but simply the desire to draw on natural organic 
potential through technological manipulation of biological materials. This 
intention is in keeping with the purposes of scientific research and medical 
therapy in which many "unnatural" manipulations are used for human benefit. 
In order to employ such an entity for research, it must be capable of yielding 
stem cells while lacking the capacity for the self-directed, integrated 
organic functioning that is essential for embryogenesis 
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Amendment 



Claim 14. A preparation of composite blastocysts (CBs) comprising cells 
derived from non-viable pre-embryos obtained by nuclear transplantation. 
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From intestine to muscle: Nuclear reprogramming 
through defective cloned embryos 

J. A. Byrne, S. Sirrronsson. and J. B, Gundon* 

WelkOmg Cancer Research U.K. Institute. Tennfc Court Road Cambridge CB2 1QR, Unftod Kingdom 
Contributed by J. B, Gurdon, February 26. 2002 



Nuclear transplantation k one of the very few ways by which the 
genetic content and capacity for nuclear reprogramming can be 
assessed in Individual cells of differentiated somatic tissues. No 
more than 6% of the cells of drrererttiated tissues have thus far 
been shown to have nudei that can be reprog rammed to e tirft the 
formation of unrelated cell types. In Amphibia, about 25% of such 
nuclear transfers form morphologically abnormal partial Uastxilae 
that die within 24 h. We have Investigated the genetic content and 
capacity for reprogramming of those nudei that generate partial 
blastulae. using as donors the Intestinal epithelium eels of feeding 
Xenopw larvae. We have analyzed single nuclear transplant em- 
bryos obtained directly from Intestinal tissue, thereby avoiding any 
genetic or epigone* changes that might accumulate during cell 
culture. The expression of the mtestine^pechlc gene Intestinal 
fatty add binding protein Is extinguished by at least 10* times, 
within a few hours of nuclear transplantation. At the same time 
several genes that are normally expressed only in early embryos 
are very strongly activated fn nuclear transplant embryos, but to an 
unregulated extent. Remarkably, cells from Intestine-derived par- 
tial blastulae, when grafted to normal host embryos, contribute to 
several host tissues and participate In the normal 100-fold Increase 
in axial muscle over several months. Thus, cells of defective cloned 
embryos unable to survive for more than 1 day can be re pro- 
grammed to participate in new directions of differentiation and to 
maintain indefinite growth, despite the abnormal expression of 
early genes* 

The earliest successful nudear transplantation experiments 
were designed to show whether the genetic content of 
vertebrate somatic cells undergoes stable changes during cell 
differentiation (1). Following early indications from work on 
Ranapipiens that this might be so (2), it was found in Xcnopus 
laevis, and later in Rana, that even nuclei from differentiated 
tissues could; when transplanted to enucleated eggs, reveal their 
toti- or muUipotcncy (3-5). However, it was found in all am- 
phibian nuclear transfer experiments that the efficiency of 
obtaining normal development, as a percentage of total trans- 
fers, became progressively reduced as more differentiated cells 
were used (2, 3). The same result has been obtained with the 
more recent nuclear transfer experiments with mammals (6-8). 

In Amphibia, nuclei from the intestinal epithelial cells of 
reeding Xtnopus larvae yielded fertile adult frogs in less than \% 
of transfers (9) and feeding tadpoles in 1,5% (3). Nuclei from 
adult frog skin cells gave heart beat tadpoles iu 3% of transfers, 
and this proportion was increased to 53% by use of serial nuclear 
transfers (4). In sheep and mice, offspring were obtained from 
0.4% and 2.8% of nuclear transfers from cultured mammary 
gland (6) and ovarian cumulus cells (7), respectively. Even the 
highest cloning efficiencies in mammals have not exceeded 6% 
of total transfers yielding live births (7, 10-12). This result is also 
true when cells of early nuclear transfer embryos arc differen- 
tiated in vtito or injected into host blastocysts (13). Cell fusion 
experiments have also demonstrated a reprogramming of gene 
activity (14-16), but even when hybrid cells, obtained by fusing 
somatic cells with embryonic germ and embryonic stem cells, are 
transferred to host embryos, the proportion of total somatic 
nuclei shown to undergo rcprogirarning b less than 6% (15, 17). 

wvm.pnawxy/cgl/dol/U>.lO73/pnBi.0B211M9fl 



Therefore, it has not yet been demcinstrated that more than 6% 
of differentiated somatic cell nuclei are capable of being rcprc- 
grammed to elicit the formation of wholly unrelated cell types. 

The 94% or more of somatic cell nuclear transfers that do not 
undergo nudear reprogramming either fail to initiate cleavage or 
become abnormal and die at different stages of development, 
both in Amphibia (2) and ouunmals (7). In the case of tadpole 
intestinal epithelium, which is representative of differentiated 
cells, about 50% of nuclear transfers fail to initiate cleavage of 
recipient eggs and about 25% undergo partial cleavage and die 
within 24 h (3). Here we have investigated the nuclear repro- 
gramming and developmental capacity of cells in these partially 
cleaved embryos. We find a high degree of pluripotentiality in 
these somatic nuclei, which represent at least 16% of the cells of 
differentiated tissue. Although these nuclei undergo, after trans- 
plantation, a rapid and extensive change in gene expression, this 
is often quantitatively aberrant, and yet our results demonstrate 
that their capacity to direct subsequent cell differentiation and 
indefinite growth is remarkably normal. 

Materials and Methods 

Donor Cells, Stage-47 (18) tadpoles wore killed with tricaine 
methanesurphonate. The intestinal tract was removed, and the 
central wide-diameter part, about 1 mm in length, was separated 
and used as a source of donor cells. This part of the intestine was 
opened longitudinally, food removed, and dissociated in calcium 
and magnesium-deficient modified Banh saline (19) including 
0.2% BSA and 1 mM EDTA, at a pH of &2. The first cells to be 
released are those of the intestinal epithelium, which strongly 
express the marker intestinal fatty acid binding protein (IFABP) 



Nudear Transplantation. This procedure was carried ont as 
described (23). 

Grafts. These were carried out in IX modified Banh saline 
(MBS) medium at stage lO'/k. To facilitate the healing and 
retention of grafts, host embryos were cultured in this medium 
for about 2 h. This salt concentration inhibits gastrolation, 
compared with the 0.1 X MBS preferred by embryos at this stage, 
and this probably accounts for the loss of some grafts and host 
embryos at this stage (Fig. 5B). 

In Situ Hybridization. This procedure was carried out as 
described (24). 

Reverse Transcription (ht>pcr Analysis. This procedure was carried 
out as described (25). To calculate the number of transcripts, the 
PCR product was quantified as a function of cycle number with 
a Phosphorlmager and compared with a dilution series of a 
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RcJ. 1. Nudear transfer experiment and doner cell cnaracterfeation, (A) 
Design of nuclear transfer experiment Arrowhead indicates region of intes- 
tine used to* nuclear transfer. (B) Trtnsvwso sections of a staged tadpole. 
(I«f0 Nomarskl view; {Center) section in sttu to show tFABP mRNA In mid- 
Intestine; (ttght) 12-101 antibody staining of md«le,<QVVhc^rno«ritm5fti# 
hybridization for IFABP mKNA. Tall (control) Cleff); Intestine V8ghQ. The dark 
spots m the center of the tall are pigment cells. 



plasmid DNA of known concentration. Cells were counted with 
& h&einocytometer. 

Results 

Donor Cells and Nuclear Transfer Success. The first stage of our 
experimental procedure involves transplanting nuclei from the 
intestine of feeding Xenopus larvae to enucleated eggs (Fig. 
IA ) . As a genetic marker to follow the fate of cells derived from 
nuclear transplant embryos, we have used donor tadpoles 
carrying a single genomic green fluorescent protein (GFP) 
insertion. This GFP marker is under the control of a cyto- 
megalovirus promoter and is thus expressed in all Xcnopus 
cells (26). Donor cells were prepared from the epithelium of 
the mid-intestinal tract of stage-47 tadpoles (IS) that had 
commenced feeding. These epithelial cells have a striated 
epithelium and stain with the intestinal raarfcers-endodermin 
(27) and IFABP (20-22) but not with the muscle marker 
12-101 (28) (Fig. IB), We performed h sUu hybridization for 
IFABP mRNA. This procedure confirmed that IFABP is 
expressed uniformly in the wide n? id-intestinal region that we 
used to obtain donor epithelial cells but not in the narrow 
intestine region, nor in any of the tissues in the part of the tail 
that was used as a control (Fig. 1C). The light staining 
observed in the tail region is attributable to endogenous 
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fig. 2. Nuclear transfer experiment results. (A) Nuclear transfer result* (0) 
Photographs of whole embryos. 



alkaline phosphatase activity and not the presence of IFABP 
mRNA (20). 

Recipient unfertilized eggs were UV-eiuicleated (29) and 
were genetically wild type (not GFP transgenic). The results of 
our nuclear transfer experiments are summarized in Fig. 2A and 
are similar to those previously obtained with intestinal epithe- 
lium cells (3). Complete cleavage of recipient eggs is obtained in 
only S% of total nuclear transfers, and only a few of these, about 
1% of total transfers, become morphologically normal feeding 
tadpoles (Pig. 2A). In contrast, about 25% of total nuclear 
transfers form partially cleaved blastulae. About half of each 
partial blastula consists of normal-sized cells, the other half 
being cleaved very irregularly or not at all (Fig. 28). These 
partially cleaved nuclear transplant blastulae die within 24 h of 
nuclear transfer (Fig. 25). 

Extinction of Intestine-Sperifk Genes, To investigate die repro- 
grarnming of gene expression, we have used RT-PCR to analyze 
mRNA transcripts in the cellular part of partial nndcar trans- 
plant blastulae at the latc-blastula or eariy-gastrula stages. 
IFABP is expressed strongly in the epithelial cells of the 
mid-intestine oi Xcnopus tadpoles from the pref ceding stage 43 
to the end of larval feeding at metamorphosis (20-22) and can 
be readily seen in 5 X If/ dissociated epithelium Cells of the kind 
used for nuclear transfer (Fig. 3). "Hits level of expression works 
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fig. 3. Extinction of IntesUne-spedfie genes. RT-PCR analysis using primers 
for IFABP and. on the same samples, for hlrtone H4. This analysts demonstrates 
extinction of mtcSttne-spedflC IFABP expression after nuclear transfer; E, eye; 
■ 0. 1/3, VMr whole or tractions of one ttage-47 tadpole mM-lntestine; tC S x 
10 4 intestinal epithelial cells; tVF. blastula from in vitro fertilization: nuclear 
transfer, single partial blastulae. Numbers In brackets represent cycles of PCR 
amplification. Strong IFABP expression Is Seen in intestine celb with only 17 
cycles tut no expression b observed In nuclear transfer embryos, even after 30 
cydes. RT, omission of reverse transcriptase. 
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Ro.4 Activation of early embryo genet C4) Activate of eadyxygcrttcfiftnc 
egression In single to v/eno fertilization blastula (FVF) and In tingle panwl 
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out at 10 4 molecules of XFABr 1 mRNA per intestinal epithelium 
cell, as determined from KT-PCR quantitation of purified 
IFABP raRNA, Even with a much greater level of PCR ampli- 
fication, IFABP is completely undetectable in single partial 
nuclear transplant blastulae at stage 9» each containing 10,000- 
15,000 cells (Fig. 3), just as this marlcer is also undetectable in 
half-embryos reared from fertilized eggs (see IVF lanes in Fig. 
3). Tnc sensitivity of detection by RT-PCR is such that there 
must have been less than one molecule of IFABP mRNA per 
partial blastula cclL Therefore, the transplantation of nuclei to 
eggs causes rapid extinction of genes expressed in specialized 
cells. 

Activation of Early Embryo Genes. We have also used RT-PCR to 

provide a quantitatively sensitive assay for early zygotic gene 
expression. Single whole blastulae grown from fertilized eggs 
show consistent and quantitatively similar levels of expression of 
&c (dorsal), Xbra and Apod (pan-equatorial), and Efla (mater- 



Ra. i Nuclear transplant embryo development. {A) Experiment*! detfgA 
(fi) Differentiation Of grafts. In 6 experimental series, a total of 66 host 
embryos received grafts, and 47 of these reached the normal swimming 
tadpole stage 41. 



nal) (Pig. 44). Nearly all half -blastulae obtained by nuclear 
transfer express these early zygotic genes, thereby showing that 
they have undergone gene rcprogramming within a few hours of 
nuclear transfer (Fig. 44). However, the extent of gene activa- 
tion Is not normal and most half-embryos, each derived from a 
single transplanted nucleus, show large but variable overexprcs- 
sion of early zygotic genes (Fig. 4 A and B and summarized in C). 

To verify that the cause of the abnormal gene expression was 
not caused by the abnormal cleavage of the cloned partial 
embryos, we have analyzed abnormally cleaved no n cloned par- 
tial blastulae. These partial blastulae were created either by 
cautery or by injecting an excess of DNA into one blastomcrc at 
the two-cell stage. In none of these experimentally induced 
partial blastulae do we see abnormally high levels of gene 
expression (Fig. 4C). The few cases in which partial nuclear 
transfer blastulae fail to express zygotic genes (Fig. 4 A and B) 
are probably attributable to delayed division of some cells before 
the normal stage of zygotic gene expression. The extinction and 
reactivation of genes has been described before in amphibian 
nuclear transplant embryos, but only in embryos chat undergo 
normal cleavage (30-32). Mammalian experiments have dem- 
onstrated abnormal imprinted (33) and nonimpiintcd (34) gene 
expression in cloned embryos but these embryos were derived 
from cultured donor cells, and culturing cells could be a possible 
cause of aberrant gene expression (23. 33). In the experiments 
described here, we have analyzed single nuclear transplant 
embryos obtained directly from intestinal tissue, thereby avoid- 
ing any genetic or epigenetic changes that might accumulate 
during cell culture. 

Grafts to Wild-Type Hosts. To test the developmental capacity of 
cells from partial nuclear transplant blastulae, we have trans- 
ferred some of these cells to wild-type (non-GFP) host embryos. 
We have used two cell transfer regimes (Fig. 5A). In one we 
injected dissociated cells from nuclear transplant blastulae into 
the blastocoel of recipient blastulae (35). Id the other we grafted 
portions of donor partial blastulae to host embryos at the carry 
gastrula stage Within this second regime, we either grafted 
material directly or we treated parts of the animal cap blastulae 
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Bg. 6. Growth and differentiation of muscle. (A) Mkd^astrula whh graft (a-O) Differentiated cells derived from gnfto of GFP-partia? nudear transplant 
hlastutA tissue Into wlld^tyoe hosts. These fluorescent photographs do not show host cells. (£) Growth of a oastrvfa thot received a graft of t* [Is from a GFP-partlal 
nudeaiiransplamernbryo. The tlvorescerrt photogrofb 

are shown at the same relative sse (diameter and length are shown In millimeters). 



with activin to direct these cells toward a mesodermal fate (36, 
37) and then grafted these pieces of tissue to host embryos. Both 
regimes gave similar results, although the yield was higher with 
grafts than with cell injections. The results of grafting experi- 
ments arc summarized in Fig- 50, and a grafted embryo is 
illustrated in Hg- 64- About one-third of host embryos that 
received grafts failed to gastrolate normally and did not reach 
stage 41 (see Materials and Methods). Of the 47 graft hosts that 
became Surviving tadpoles, 17 (36%) did not contain GFP cells, 
either because the grafted cells were inviahle or possibly because 
grafts were lost soon after they were made. Of the 47 graft hosts, 
25 (53%) contained OFF cells integrated into muscle (Fig. 68), 
as expected of grafts made to the lateral equatorial region of the 
hosts, and 5 (11%) integrated GFP cells into several different 
tissues (including muscle, notochord, and epidermis). Overall, 30 
of 47 surviving tadpoles (64%) expressed GFP. In all of the 
GFP-exprcssing grafts, GFP cells were found in muscle tissue 
and were found to be the same size as, and spatially intermixed 
with, host muscle cells. The observation that 1 1% of the sur- 
wing tadpoles had integrated GFP cells into multiple tissues, 
including muscle, notochord, and/or epidermis, demonstrated 
that a range of cell types can be obtained (Fig. 6 B-D). 

In another series of experiments, we divided the cellular 
portion of partial blastulae into two parts. One part of each 
embryo was grafted to a host embryo, and the other part of the 
same embryo was used for RT-PCR analysis of gene expression. 
We again saw abnormal amounts of £amex, g*c, and apod 
expression in cells of the same embryos from which grafts 



contributed to muscle (Fig. 4fl) T We conclude that most partial 
nuclear transplant blastulae contain ceils that can differentiate, 
after grafting to host embryos, into cell types unrelated to the 
original donor tissue (intestinal epithelium). This conclusion 
applies to at least 16% of the cells of the original intestinal 
epithelium, that is, to 64% (Fie- 5B) of the 25% of the total 
nuclear transfers that become partial blastulae. 

Growth of Grafted Cads. We next asked whether reprogrammed 
intestine nuclei in partial embryos due to die in 24 h can 
participate in the massive growth that takes place as a hatched 
prefeeding 3-day-old tadpole progresses to metamorphosis, a 
process that takes up to 100 days according to temperature, 
feeding, and other conditions, and entails a 100-fold increase in 
weight- We see in Fig. 6£ thai GFP muscle cells continue to 
populate axial muscle of tadpoles up to the stage of metamor- 
phosis, after which axial muscle is reabsorbed as tadpoles change 
into frogs, GFP muscle cells also increase in size in accord with 
host muscle (Fig. 65). The abundance of GFP muscle cells is 
similar in tadpoles that reach metamorphosis and in 3-day-old 
prcfeeding tadpoles, and there is no obvious loss of GFP musde 
cells during growth. By staining these cells with the muscle* 
specific antibody 12-101 (25) (data not shown), we confirmed 
that the GFP cells that integrated into the host muscle were in 
feet muscle. In conclusion, we see that both the differentiation 
and growth of muscle cells derived from transplanted intestine 
nuclei take place normally and indistinguishably from muscle in 
host larvae reared from fertilized eggs. It is remarkable that 
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normal differentiation and this massive growth for several 
months can be obtained from cells of embryos that were destined 
to die within 24 h. 

Discussion 

Three conclusions can be drawn from our results. First, we have 
gained information about the generic content of differentiated 
celts. Much of our knowledge of the genetic composition of 
differentiated somatic cells comes from analyzing samples of 
several million ceils. Only nuclear transfer (t, 2, 4, 6, 7, 10-12) 
and cell fusion (14-17) experiments provide direct genetic 
information about single somatic cells. Nearly all previous 
nuclear transfer work has paid attention to embryos that deaye 
normally. Although our earlier experiments with larval intestine 
nuclei included the use of partially cleaved embryos for serial 
transfer, these extended the proportion of total transfers that 
reached a feeding tadpole stage only from Uflt to 53% (3). ?y 
sampling all partially cleaved nuclear transplant embryos, as we 
have done here, we can conclude that at least 16% (64% of 25%; 
see Figs. SB and 2A, respectively) of differentiated intestine cells 
have functional genes for pathways of differentiation wholly 
unrelated to their own, 

Our second conclusion is that transplanted nuclei eliciting 
Only abnormal development are nevertheless extensively rcpro- 
grammed, as revealed by the extinction and activation of gene 
expression. It is important to appreciate that this degree of gene 
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